Abstract In the present work, different ashless detergent/ dispersant additives were prepared via reaction of different primary amines with propylene oxide, and the products which obtained were reacted with different organic acids. The structures of the prepared compounds were confirmed using fourier transform infrared spectroscopy (FT-IR), Proton nuclear magnetic resonance (1HNMR), and gel permeation chromatography (GPC) for determination of molecular weight. All the prepared compounds were found to be soluble in lubricating oil. The efficiency of the prepared compounds as antioxidants and detergent/dispersant additives for lubricating oil was investigated. It was found that the additives have excellent power of dispersion, detergency, and the most efficient additives as antioxidant those prepared by using di-n-butyldithio phosphoric acid.
Introduction
Lubricating oils play a crucial role in both domestic and industrial processes. Proper applications of lubricants increase the lifetime and efficiency of machinery and decrease long-term costs in terms of energy consumption, maintenance requirements and reduce operating temperatures [1] [2] [3] .
The primary function of a lubricant is to create a film barrier between moving mechanical parts to reduce friction and wear. It also acts as a coolant, suppresses harmful deposit formation, and controls corrosion/ oxidation. Since the base oil alone would struggle to meet these challenging demands, performance-enhancing additives in tailor-made formulations are added to the lubricant formulation [4, 5] .
In the 1950s, a new type of additive, a non-metallic or ''ashless'' dispersant, was introduced to help keep engines clean. This product, known as a succinimide dispersant, was a relatively high molecular weight polyisobutenyl group attached to a polar end group [6] .
Organic species in mineral oils and lubricants are subject to deterioration by oxidation, especially at high temperatures and in the presence of air or metal. Such deterioration often leads to buildup of insoluble deposits or sludge and viscosity increase during use. In order to avoid the problems, lubricants need to possess superior oxidation stability [7] .
Detergents and dispersants, often called DD or HD (heavy-duty) additives have been indispensable for the development of modern engine oils for gasoline and diesel combustion motors. These lubricants are especially exposed to severe stress due to the high temperatures and the additional influence of aggressive blow by gases of the combustion process [8, 9] .
The original definition of detergents refers to their cleaning properties similar to the detergents in washing agents although their function appears to be more of dispersing particulate matters such as abrasive wear and soot particles rather than cleaning up existing dirt [10] .
The key function of a dispersant in an industrial or automotive lubricant formulation is to reduce oil thickening caused by accumulation and agglomeration of soot particles.
In the present work, two propoxylated amines were prepared via reaction of propylene oxide with (triethylenetetramine and tetraethylenepentamine). Then different compounds were synthesized via reaction of prepared propoxylated amines with three different organic acids, (stearic acid, dodecylbenzenesulphonic acid, and din-butyldithio phosphoric acid), where these compounds suggested as detergent/dispersants additives due to presence of amino groups and as antioxidants due to presence of Di-n-butyldithio phosphoric acid which has antioxidant properties Table 1 .
Experimental Synthesis of propoxylated amines
One mole of propylene oxide (PO) and one mole of primary amines (Triethylenetetramine and Tetraethylenepentamine) were mixed in three-round bottom flask equipped with a mechanical stirrer, reflux condenser, and thermometer. The reaction mixture was maintained at temperature 120 ± 5°C with continuous stirring for about 4 h, and then cooled to the ambient temperature. The products were obtained (A and B) and their designation is shown in Table 2 .
Reaction of propoxylated amines with different organic acids
The reaction was carried out in three-round bottom flask equipped with a mechanical stirrer, efficient condenser, and thermometer. In the flask was placed one mole of the prepared propoxylated amines and one mole of different organic acids (stearic acid, dodecylbenzensulphonic acid, and di-n-butyldithiophosphoric acid). The reactants were mixed with an equal weight of xylene and heated gradually to 150 ± 5°C with continuous stirring for about 4 h using a well-controlled thermostat. The extent of reaction was followed by monitoring the amount of liberated water to give products; therefore, we have six different products, their designation shown in Table 2 .
Characterization of the prepared compounds

Infrared spectroscopic analysis
The prepared compounds were characterized by using FT-IR. Spectrometer Model Type ''Nicolet iS10 FT-IR Spectrometer,'' made in USA.
Spectral resolution: better than 0.4 cm -1 , non-apodized, and sample prepared as disk.
Room temperature, KBr optics, DTGS detector, 4 cm resolution.
Determination of molecular weights
The molecular weights of the prepared compounds were determined using Agilent (Gel Permeation Chromatography) GPC water model 600E.
Proton magnetic resonance analysis
The prepared compounds were characterized by 1H NMR spectroscopy. Using 1H NMR type (300 M.Hs. spectrophotometer W-P-300, Bruker).
Solubility Test
The solubility of the prepared compounds was investigated by dissolving the compounds in free additive base oil (SAE 30) from ''Cooperation Company for petroleum.'' In a conical flask, 2 g of compounds was added to previously weighted base oil (100 g) and the mixture was allowed to stand overnight. The conical flask was immersed in an oil bath placed on a thermostated hot plate fixed over a magnetic stirrer. The temperature of the oil bath was then raised to 60°C and at this point the mixture was agitated by a Teflon covered magnet for 20 min.
Evaluation of the prepared compounds as Lube Oil additives
As antioxidants
The lube oil samples as well as its blends with 2 % by weight of each of the prepared additives were subjected to severe oxidation condition in the presence of copper and iron strips at 165.5°C for 72 h using the Indiana test method of oxidation [12] . The oxidation stability of the lube oil blends were determined by taking samples at 24 h intervals to 72 h. These samples were tested for:
Variation of viscosity ratio V/V o The variation of viscosity ratio (V/V o ) has been determined using IP 48/86 method, where: V = kinematic viscosity at 40°C of sample after oxidation. V o = kinematic viscosity at 40°C of sample before oxidation.
The prepared compounds were evaluated using Koehler laboratory bath Model K2337800000, made in USA.
Change in total acid number (DTAN) The change has been calculated according to IP 177/83 method, where DTAN ¼ total acid number of sample after oxidation ð À total acid number of sample before oxidationÞ:
The prepared compounds were evaluated using Potentiometric Titration Workstation (Mono burette), ''TitraLab 960,'' made in France.
Optical density using infrared techniques The infrared spectra of oxidized oils have been determined in the range of the carbonyl group absorbance (1500-1900 cm -1 ). The spectra have been superimposed upon that of unoxidized oil. The absorbance (A) has been calculated according to
where I is % transmittance of the oil after oxidation and Io is the transmittance of the oil before oxidation.
As Detergents/Dispersants
Spot method [11, 12] Drops were taken from the samples being oxidized in the Indiana test after 24 h intervals of oxidation and up to 72 h to make spots on special filter paper (Durieux 122) and the dispersancy of the samples were measured as follows: % dispersancy = Diameter of the black spot Diameter of the total spot Â 100:
The efficiency of dispersants has been classified as follows:
• Up to 30 %: no dispersancy.
• 30-50 %: medium dispersancy.
• 50-60 %: good dispersancy.
• 60-70 %: very good dispersancy.
• Above 70 %: excellent dispersancy.
Determination of sludge [13] The essential feature of the method for determining the content of existent sludge is a 1 h centrifuging operation in (4233 ECT laboratory centrifuge) at 3000 rpm, with 10 g of the test oil in the centrifuge tubes. After centrifuging, the clarified oil is decanted off, then 10 ml of isooctane is added as wash liquid to the tube containing the sludge in the form of a cake, and the sample is again centrifuged for 15 min. The operation is repeated until the sludge is washed completely free of oil. The washed sludge, together with the centrifuge tube, is brought to weight in a thermostat at 105°C and the amount of sludge is determined by weighing and expressed as a percentage of the original oil sample. % Sludge = Weight of sample after centrifuge Weight of sample X 100:
Determination of the potential detergent dispersant efficiency (PDDE) [14] The detergent/dispersant efficiency of the additives was measured by two methods: washing efficiency and detergent index. The washing efficiency is measured by thin layer chromatography method. It aims to evaluate how effective the additives are in removing the impurities from the surface. The different additives bring the carbon black in different heights on the paper based on the washing efficiency of the additive. The washing efficiency is measured in millimeters between the point where the suspension was put and the height where the oil brings the suspension with the heptane. The detergent index characterizes the dispersion stabilizing efficiency of the additive, thus how they keep the impurities in a dispersed phase. The test is based on centrifugation.
The results of numerous experiments attested that these two methods were suitable to estimate the percentage of potential detergent dispersant efficiency (PDDE, %) in oil solutions
where DI is the detergent index (%), WE is the washing efficiency (mm), 225 is the maximum value of DI ? WE (DI max = 100, WE max = 125).
Results and discussion
Synthesis of propoxylated amines
Preparation of propoxylated amines is illustrated in Schemes 1, 2, as follows:
The determined mean molecular weights of the products (A and B) have been found to be very near from that calculated theoretically and is shown in Table 3 .
• The infrared spectrum of product (A) is given in Fig. 1 which illustrates the following: The hydroxyl (OH) bands appear clearly near to 3283 cm -1 as broad bands. The amino (NH) bands appear clearly near to 3260 cm -1 . C-H of alkanes appears in the range of 2856 and 2925 cm -1 . C-O appears at 1128 cm -1 . CH of CH 3 group appears at 1455 and 1355 cm -1 . CH of CH 2 group appears at 1455 and 1355 cm -1 . N-H group appears at 1598 cm -1 .
• The 1H NMR spectrum of product (A) is given in the following Table 4 .
Reaction of propoxylated amines with different organic acids
Preparation of products (A 1 , A 2 , and A 3 ) is illustrated in Schemes 3, 4, and 5 as follows:
The determined mean molecular weights of the products (A 1 , A 2 , and A 3 ) have been found to very near from that calculated theoretically and is shown in Table 3 .
• The infrared spectrum of product (A 2 ) is given in Fig. 2 which illustrates the following: The hydroxyl (OH) band appears clearly near to 3301 cm -1 as broad bands. The amino (NH) band appears clearly near to 3301 cm -1 . C-H of alkanes appears at 2865 and 2920 cm -1 . C-H of aromatic ring appears at 3070 cm -1 . The bands of 1,4-disubstitution of aromatic ring are in the range of 833 cm -1 . C=C of aromatic ring appears at 1601 cm -1 . C-O of alcohol appears at 1123 cm -1 . C-H of CH 3 group appears at 1463 cm -1 . C-N of tertiary amine appears at 1220 cm -1 . N-CH 3 group appears at 2655 cm -1 . S=O group appears at 1038 cm -1 . C-S appears at 676 cm -1 .
• The 1H NMR spectrum of product (A 2 ) is given in the following Table 5 . 
Evaluation of the prepared compounds
As antioxidants
All the prepared compounds were added to a sample of ''SAE-30'' lube oil free from any additives, in 2 % concentration, and the blends obtained were subjected to severe oxidation condition as described previously. The change in optical density (log I/I o ), total acid number (DTAN), and viscosity ratio (V/V o ) decreases with increasing the NH groups in the molecule of amine so the additives prepared from tetraethylenepentamine (B 1 -B 3 ) are more efficient as antioxidants than that prepared from Triethylenetetramine, the presence of amino group in the structure of the prepared compounds neutralizes some of acidic products of lube oil oxidation [15] . It was found that compound B 3 is the best as lube oil antioxidants, followed by B 2 , and then compound B 1 comes later. The efficiency of the prepared compound B 3 compared with the other is because it contains amino groups and also Di-n-butyldithiophosphoric acid which have antioxidant character.
Effect of used different acids The results of additives of different acid products are given in Figs. 3, 4 , 5, 6, 7, and 8. It was found that better oxidation stability is obtained when we use di-n-butyldithio phosphoric acid (B 3 ), this may be due to the antioxidant character of this acid because it acts as peroxide decomposers so B 3 [ A 3 .
As detergents/dispersants
All the prepared compounds have been added to the oil samples in concentration of 2 wt%, using spot test method.
Results given in Table 6 show clearly that the prepared compounds have very good and excellent dispersancy power (60-93 %) for sludge and solid particles formed during lube oil oxidation compared with lube oil only [15, 16] .
It is clear that the addition of these compounds not only disperses solid particles in the oil and thus prevents their agglomeration and precipitation on metallic parts of engines that can cause damage, but also neutralizes some of the acidic products of oxidation due to their basic nature. It is clear from the data that increasing the NH groups in the structures of the prepared compounds, increases their capacity in dispersing sludge and solid particles into lube oil samples used, this may be explained by the fact that the NH groups form hydrogen bonds with polar groups of oxidation products.
Determination of sludge The prepared additives (A 1 -A 3 ) and (B 1 -B 3 ) have been added to lube oil samples in concentration 2 wt%, using the centrifuge test method. The percentages of sludge formation during the oxidation of lube oil sample with and without prepared additives are determined and given in Table 7 , which confirms the same results of the antioxidant activity and dispersancy power that compound more efficient as detergent.
Determination the potential detergent dispersant efficiency (PDDE) It was proved also by few differences between Table 4 The 1H NMR spectrum data of product (A)
Group
Signal appearance (ppm)
C-H attached to (OH and CH 3 ) d-3.3 the potential detergent/dispersant efficiency of the prepared additives (A 1 -A 3 ) and (B 1 -B 3 ) obtained by centrifugation and paper chromatography tests of their carbon black suspension in Fig. 9 . The PDDE values of the prepared additives were high enough above (80 %) and similar to each other. It was also confirmed that the polar group (NH and OH) of the prepared additives has an active role in the mechanism of detergent action.
Synergism and antagonism of B 3 with Zinc dialkyldithiophosphate
To a blend of lube oil sample containing 2 wt% of the prepared additive (B 3 ), 0.5 wt% of a commercial antioxidant (Zinc dialkyldithio phosphate) has been added to Proton of (-SO2NH-) group d-8.7 prepare additive (B 31 ) in order to study the effect of the prepared additive on the oxidation stability of lube oil sample in presence of other type of lube oil additives; results are given Figs. 10, 11, and 12. It was found that the prepared additive B 3 has synergistic effect with zinc dialkyldithiophosphate and increases its efficiency as an antioxidant.
Using spot method The prepared additive B 31 has been added to lube oil sample in concentration of 2 wt% by using the spot test method. The results are given in Table 8 ,
showing clearly that the prepared additive has excellent dispersancy power for the sludge and soil particles formed during lube oil oxidation compared with the lube oil with zinc dialkyldithiophosphate.
Determination of sludge The percentage of sludge formation during the oxidation of lube oil sample with and without additive is determined and the data are given in Table 9 which confirms that additive B 31 has excellent power to remove sludge and deposit formed by oxidation than zinc dialkyldithiophosphate only.
Conclusion
The conclusions that could be derived from the results of this study are:
• Synthesis of propoxylated amines using different primary amines, then the products which were obtained react with different organic acids.
• The structures of the prepared compounds were confirmed by (FT-IR), (GPC), and (1H-NMR).
• All the prepared compounds are soluble in lubricating oil (SAE 30).
• The efficiency of the prepared compounds as lube oil additives (antioxidants and detergents/dispersants) was studied. It was found that all the prepared additives have excellent power of dispersion and detergency.
• It was found that the efficiency of the prepared compounds as antioxidants increases with increasing the number of NH group and by using of di-nbutyldithiophosphoric acid.
• It was found that the prepared additive (B ? Di-nbutyldithiophosphoric acid) ''B 3 '' has synergistic effect with zinc dialkyldithiophosphate and increase its efficiency as antioxidants.
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